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Abstract: Helicobacter pylori is now recognized as the primary etiological factor associated with gastritis, peptic ulcer
disease and gastric cancers. Fluoroquinolones have been shown to be active against H. pylori. For develop new anti-H. py-
lori agents, we have investigated the SAR of a series of N-(phenethyl)piperazinyl quinolones for their antimicrobial activ-
ity against H. pylori. The anti-H. pylori activity of synthesized compounds along with commercially available anti-H. py-
lori agents such as metronidazole, and parent quinolones was evaluated by the disc diffusion bioassay. The results indi-
cated that the potency and anti-H. pylori activity profile of the quinolones is highly dependent on the type of substituent at
N-1 and the structure of phenethyl unit on piperazine ring. Most compounds containing a cyclopropyl at N-1 exhibited
good activity against H. pylori strains. Among them, ciprofloxacin derivative 13 containing 2-methoxyimino-2-(2-

chlorophenyl)ethyl moiety was the most active compound.
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INTRODUCTION

Helicobacter pylori infection is the main cause of gastri-
tis and gastroduodenal ulcer disease, and is associated with
gastric cancer [1, 2]. Hence since 1994, the World Health
Organization (WHO) has classified H. pylori as a Class 1
carcinogen responsible for its leading role in the develop-
ment of gastric neoplasia in humans. Thus the eradication of
H. pylori can significantly reduce the risk of ulcer relapse
and may help prevent the lymphoma of gastric mucosa-
associated lymphoid tissue (MALT-lymphoma) and other
gastric malignancies [3-5]. The recommended therapy con-
sists of a proton pump inhibitor (PPI) and two antibiotics,
mainly amoxicillin and clarithromycin, as first-line eradica-
tion triple therapy [6,7]. Although this treatment has been
shown to be effective in a number of clinical trials, several
meta-analysis revealed that the rates of eradication were
widely variable (from 70% to 95%), due to increased resis-
tance to antibiotics. Following failure of the eradication by
the first-line treatment, a second-line, quadruple therapy us-
ing PPI, bismuth salts, metronidazole, and tetracycline is
used [8]. This quadruple regimen still fails to eradicate H.
pylori in approximately 20-30% of the patients [2]. This has
also led to the development of alternative (second- or third-
line treatment) regimens including other antibacterial agents
such as fluoroquinolones for the treatment of patients with
resistant H. pylori infection [9-13]. Fluoroquinolone antimi-
crobial agents are widely used for oral treatment of respira-
tory, gastrointestinal, and urinary tract infections. These an-
tibacterial agents showed in vitro activity against H. pylori

*Address correspondence to this author at the Pharmaceutical Sciences
Research Center, Tehran University of Medical Sciences, Tehran 14174,
Iran; Tel: 0098-21-66954708; Fax: 0098-21-66461178;

E-mail: aforoumadi@yahoo.com

1573-4064/08 $55.00+.00

[14, 15]. In contrast to most other anti-infective drugs, qui-
nolones do not kill bacteria by inhibiting a critical cellular
process. Rather, they induce the activities of two essential
enzymes, DNA gyrase and topoisomerase IV to kill cells by
generating high levels of double stranded DNA breaks. DNA
gyrase appears to be the primary cellular target and topoi-
somerase [V seems to be the secondary target for quinolones
in Gram-negative bacteria [16, 17]. In Helicobacter pylori
dual targeting is not possible because these organisms lack
genes for topoisomerase 1V, as determined by complete ge-
nome sequencing [18].

Acquired resistance to ciprofloxacin and other fluoroqui-
nolones already exists in H. pylori [19-21]. Recent surveys
also suggest that resistance to fluoroquinolones might have
increased over the last years in several countries; in France
from 3.3% in 1999 to 17.5% in 2003 [22] and in Korea from
0% in 1987 to 21% in 2003 [23]. Accordingly, there is a
need for an effective treatment with a new compound having
an excellent anti-H. pylori activity.

In previous studies we described the synthesis and anti-
bacterial evaluation of 7-piperazinyl quinolones against
Gram-positive and Gram-negative bacteria [24, 25]. In the
present study, some 7-piperazinyl quinolones 4-25 in which
the N-4 hydrogen of piperazinyl group of ciprofloxacin 1,
norfloxacin 2 and enoxacin 3 replaced with various function-
alized phenethyl moieties (Fig. 1) were evaluated in vitro
against H. pylori, and the structure — anti-Helicobacter activ-
ity relationships were described.

MATERIALS AND METHODS
1. Bacterial Isolates and Culture Conditions

Clinical H. pylori strain isolates from antral gastric mu-
cosal biopsy specimens were obtained from the Shariati hos-

© 2008 Bentham Science Publishers Ltd.
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pital (Tehran, Iran). Test strains were precultured on selec-
tive Brucella agar (MERK) containing defibrinated blood
(7%). The plates were incubated at 37°C for 3—5 days in an
atmosphere of 5% O,, 15% CO,, and 80% N, in an anaerobic
chamber (Hirayama, Tokyo, Japan). To maintain a moist
atmosphere, a moist paper towel was placed in the chamber.
The identity of bacterial isolates was confirmed by micros-
copy and positive catalase, oxidase and urease and negative
nitrate, H,S and hippurate hydrolysis reactions. Bacterial
strains were stored at -70°C in brain heart infusion broth
(BHIB) (Difco, East Molesey, UK) containing 10% (v/v)
fetal calf serum (FCS) and 15% (v/v) glycerol until they
were used for the experiments.

Before use the media were always preincubated under the
same microaerobic conditions for a minimum of 2 h to allow
equilibration, and none of the cultures were kept in air for
more than 15 min. Given the importance of inoculum homo-
geneity, cellular viability was controlled microscopically by
morphological observation with gram staining, in order to
check the proportions of coccoid cells in cultures. Cultures
were always used after 48 h of incubation, when they gener-
ally did not present coccoid forms. Bacterial growth was
taken from the plates and resuspended in sterile saline. The
inoculum was prepared to contain about 5 x 10’ CFU/ml by
adjusting the turbidity of the suspension to match the McFar-
land no.1 standard.

2. Bacterial Growth Inhibition Assay (Disk Diffusion
Method)

Growth inhibition was performed by the filter paper disk
diffusion method on selective Brucella agar with 7% of defi-
brinated horse blood under microaerophilic conditions at
37°C. All compound derivatives were evaluated for their

anti-Helicobacter activity dissolved in dimethylsulfoxide
(DMSO). These compounds were first assayed against met-
ronidazole- resistant and susceptible strains of H. pylori at
three concentrations (8, 16 and 32 pg/disc) to identify those
with little or no activity as leading compounds. Surface of
Brucella blood agar plates were inoculated with 100 pl of
bacterial suspensions. Glass rods were used to spread the
inocula. Blank standard disks (6 mm diameter) were depos-
ited on the plates and impregnated with 10 ul of different
dilutions of compounds. The plates were examined after 2-5
days of microaerobic incubation. The susceptibility of H.
pylori isolates was determined on the basis of the diameter of
inhibition zones. The control discs received 10 ul of DMSO.
All of the inhibition tests were replicated at least three times.
The antibacterial activity was classified as follows: strong
response, zone diameter >20 mm; moderate response, zone
diameter 16-20 mm; weak response, zone diameter 11-15
mm; and little or no response, zone diameter < 10mm [26].

The most active compounds in the first study were fur-
ther tested against a broader panel (20 clinical isolates of H.
pylori) at concentrations of 32, 16, 8,4, 2, 1 and 0.5 pg/disc.

RESULTS

The anti-Helicobacter pylori activity of target com-
pounds 4-25 along with commercially available antibacterial
such as metronidazole, ciprofloxacin 1, norfloxacin 2 and
enoxacin 3 was evaluated by comparing the inhibition zone
diameters determined by the paper disc diffusion bioassay.
The compounds were preliminary evaluated against metroni-
dazole-sensitive and metronidazole-resistant H. pylori strains
at three concentrations (8, 16 and 32 pg/disc). All tests were
performed in triplicate and the antibacterial activity was ex-
pressed as the mean of inhibition diameters (mm) produced
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by title compounds and summarized in Table 1. Preliminary In order to assess the potential of title compounds to in-
results indicated that most ciprofloxacin derivatives (com- hibit different clinical isolates of H. pylori growth, the most
pounds 4-8, 11-13 and 15-17) exhibit significant activity at active compounds 4, 8, 13 and 16 were further tested against
the concentrations of 8-32 pg/disc. a broader panel of H. pylori including 20 clinical isolates of

Table1. Preliminary Evaluation of Compounds 1-25 Against Two Metronidazole Sensitive and Metronidazole Resistant H. pylori

Strains
o
F. pZ | | COOH
NS
LN
=
Metronidazole Sensitive * Metronidazole Resistant
Compound R X Y 7 Dose (pg/disc) Dose (pg/disc)

8 16 32 8 16 32
4 c-Pr CH O 2-Cl 27 30 34 22 26 31
5 c-Pr CH O 4-Cl 20 30 33 20 21 24
6 c-Pr CH (¢} 2,4-Cl, 17 25 36 6° 6 20
7 c-Pr CH O H 31 35 37 21 23 28
8 c-Pr CH NOH 2-Cl 29 30 36 21 25 25
9 c-Pr CH NOH 4-Cl 6 6 6 6 6 6
10 c-Pr CH NOH 2,4-Cl, 6 6 6 6 6 6
11 c-Pr CH NOH 2,4-F, 15 17 21 25 30 37
12 c-Pr CH NOH H 25 27 30 17 20 21
13 c-Pr CH NOMe 2-Cl 25 35 41 23 35 38
14 c-Pr CH NOMe 4-Cl 6 6 6 6 6 6
15 c-Pr CH NOMe 2,4-Cl, 6 26 32 21 25 31
16 c-Pr CH NOMe 2,4-F, 25 30 32 26 30 37
17 c-Pr CH NOMe H 13 15 16 12 17 21
18 Et CH NOMe 2-Cl 6 6 6 6 6 6
19 Et CH NOMe 4-Cl 6 6 6 6 6 6
20 Et CH NOMe 2,4-Cl, 6 6 6 6 6 6
21 Et CH NOMe 2,4-F, 6 6 6 6 6 6
22 Et N NOMe 2-Cl 6 6 6 6 6 6
23 Et N NOMe 4-Cl 6 6 6 6 6 6
24 Et N NOMe 2,4-Cl, 6 6 6 6 6 6
25 Et N NOMe 2,4-F, 6 6 6 6 6 6
1 Ciprofloxacin 32 37 42 30 35 38
2 Norfloxacin 25 28 30 20 20 25
3 Enoxacin 8 10 15 6 10 16

* Inhibition zone diameters of metronidazole at 8 pg/disc were 18 and 11 mm in metronidazole sensitive and metronidazole resistant strains, respectively.

® No inhibition observed (disk diameter was 6 mm).
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Table2. Average of Inhibition Zone Diameters of Selected Compounds at Different Doses Against 20 Clinical H. pylori Isolates
Average of Inhibition Zone Diameter (rang, mm)
Compound Dose (ng/disc)
0.5 1 2 4 8 16 32
4 6.5 7.1 9.4 123 16.8 20.2 24.1
(6-16) (6-22) (6-27) (6-29) (6-30) (6-34) (6-39)
6 6 9.9 15.6 203 24.8
8 6 (6-6
©-6) (6-6) (6-6) (6-21) (6-23) (6-29) (6-35)
13 7.5 8.6 134 19 222 25.9 29.1
(6-16) (6-19) (6-30) (6-27) (6-33) (6-37) (6-41)
16 6 7.45 104 154 17.9 222 26.3
(6-6) (6-16) (6-21) (6-25) (6-29) (12-31) (15-39)
Metronidazole 120 163 176
(6-16) (6-20) (6-21)

this microorganism. The antibacterial activities of selected
compounds at concentrations of 32, 16, 8, 4, 2, 1 and 0.5
pg/disc against twenty clinical isolates of H. pylori are
shown as averages of inhibition zone diameters in Table 2.
The averages of inhibition zone diameters indicate that all
selected compounds exhibited moderate to good activity
against clinical isolates of H. pylori at the concentrations of
8-32 pg/disc (average of inhibition zone diameters >15 mm).

DISCUSSION

The 1,4-dihydro-4-oxopyridine-3-carboxylic acid associ-
ated with a 5,6-fused aromatic ring is the common chemical
feature of quinolone antibacterials. In the resulting bicyclic
ring, the 1-, 5-, 6-, 7-, and 8-positions are the major targets of
chemical variation but, synthetic efforts for improved po-
tency has been the main focus on 7-position. Both activity
spectrum and kinetic profile can be controlled at C-7. The
most common substituents are cyclic amino groups, for ex-
ample piperazine or pyrrolidine rings; other groups have
been less successful. Piperazine rings are particularly com-
mon (e.g. ciprofloxacin 1, norfloxacin 2 or enoxacin 3) and
confer potency against Gram-negative bacteria [27-29].
Ciprofloxacin 1, norfloxacin 2 and enoxacin 3 (Fig. 1) char-
acterized by having a piperazinee moiety at C-7, which rep-
resents a site amenable to significant modification. In addi-
tion, a position on the 7-piperazinyl quinolone molecule,
where substitutions of bulky groups are permitted, is at the
N-4 of piperazine ring. Accordingly, a number of quinolones
4-25 with a 2-oxoethyl or 2-oxyiminoethyl derivatives at-
tached to the piperazine ring at C-7 position were synthe-
sized and evaluated for antibacterial activity against H. py-
lori.

The first information obtained in this study is that most
of the ciprofloxacin derivatives exhibit high activity against
H. pylori. In general, N-(2-phenyl-2-oxoethyl)- and N-(2-
phenyl-2-oxyiminoethyl)- groups are well tolerated in the
terms of anti- H. pylori activity in ciprofloxacin series.

The anti-H.pylori activity profile of the N-substituted
piperazinyl quinolones is highly dependent on the type of

substituent at N-1. Some compounds with a cyclopropyl sub-
stituent at N-1 (e.g., 4, 5, 7, 8, 13, and 16) exhibited good
activity against metronidazole sensitive and metronidazole
resistant H. pylori strains at concentrations of 8, 16 and 32
pg/disc (inhibition zone diameter >20 mm). Replacement of
cyclopropyl with ethyl at the N-1 position in compounds 18-
25 led to a dramatic decrease in activity. In addition, intro-
duction of a nitrogen atom at C-8 position in compounds 22-
25 could not improve anti-H. pylori activity in N;-ethyl qui-
nolones.

Among ciprofloxacin series 4-17, all compounds having
carbonyl group on N-phenethyl side chain (compounds 4-7)
showed significant activity against H. pylori strains. Oxime
containing compounds with 4-chloro-substituent (compound
9) or 2,4-dichloro-substituent (compound 10) did not show
antibacterial activity. Similar to latter compounds, 4-chloro-
O-methyloxime analog (compound 14) did not show any
growth inhibitory activity. In contrast, N-phenethyl cipro-
floxacin derivatives containing 2,4-diflouro-substituents ex-
hibited respectable anti-H. pylori activity.

Halogens, like chlorine or fluorine, are very useful to
modulate the electronic effects on phenyl rings of drugs.
Moreover, these atoms may also influence the steric charac-
teristics and the hydrophilic—-hydrophobic balance of the
molecules. On the other hand, carbonyl related functional
groups (ketone, oxime, and O-methyloxime) have different
steric, electronic, and lipophilic characteristics. Thus, these
structural modifications of the N-(phenethyl)piperazinyl qui-
nolones were expected to allow modulation of the physical
properties of the parent quinolone, while retaining the strong
biological activity of the piperazinyl quinolone ciproflox-
acin.

Comparison between inhibition zone diameters of ke-
tones 4-7, oximes 8-12 and O-methyl oximes 13-17 in cipro-
floxacin series revealed that oximation of ketones diminished
the activity, with the exception of 2-chloro- derivative (ke-
tone 4 vs. oxime 8). In addition, O-methylation of oximes
improved the activity. First approach in the series of N-
(phenethyl)-piperazinyl quinolones bearing different struc-
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tural features on the quinolone ring (N-1 and 8-position) and
N-(phenethyl)- side chain points out that the O-methyl oxime
13 exert more potent in vitro antibacterial activity against
both metronidazole sensitive and metronidazole resistant H.
pylori strains. The latter compound that belong to N-[2-(2-
chlorophenyl)ethyl]ciprofloxacin derivative, also exhibited
more significant growth inhibitory activity against 20 clinical
isolates of H. pylori (Table 2).

In conclusion, we have identified a series of N-
substituted piperazinyl quinolones 4-25 in which the N-4
hydrogen of piperazinyl group of ciprofloxacin, norfloxacin
and enoxacin replaced with various functionalized phenethyl
moieties with in vitro antibacterial activity against H. pylori.
The SAR of this series indicates that both the structure of the
phenethyl unit on piperazine ring and the type of N-1 alkyl
group dramatically impact anti- H. pylori activity. Our data
suggested that the effect of changes in the side chain of the
7-piperazinyl ring mainly dependent on substituent at N-1
position.
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